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Abstract. Scattering and absorption coeﬃcients near the ground were measured in ´ Evora, Portugal, in the
period of 2006 to 2008. The average scattering coeﬃcient, at the wavelength of 550nm, for the whole period
of measurements was found to be 40.3Mm−1 and the absorption coeﬃcient, at the wavelength of 670nm,
8.6Mm−1. These values are comparable to those measured in rural or background locations and reﬂect the
small size of the city and relatively low magnitude of anthropogenic production at the site. A marked seasonal
variation was found for the absorption coeﬃcient, with a signiﬁcant increase from 5.8Mm−1, in summer,
to 13.4Mm−1, in winter. Regarding black carbon mass concentrations, this twofold increase, from 0.9 to
2.0µgm−3, is mainly attributed to the wood combustion used for heating in conjunction with lower boundary
layer mixing heights. The average scattering coeﬃcient presented a more complex behaviour, although with a
tendency for higher values in winter and lower values in spring.
1 Introduction
Aerosol particles in the atmosphere are known to interact
with both the solar and the terrestrial radiation, via scatter-
ing and absorption processes (direct eﬀect), and to modify
the properties of clouds (indirect eﬀect). Also there is the
semi-direct aerosol eﬀect on clouds, the process by which
aerosol particles absorb incoming sunlight and warm enough
the middle troposphere to reduce the cloud condensation for-
mation potential (Koren et al., 2004). Moreover, air quality
is highly inﬂuenced by the changing levels and composition
of atmospheric particles.
The study is made at ´ Evora (38.5◦ N, 7.9◦ W, 300ma.s.l.),
a small city (∼60000 inhabitants), located within a rural re-
gion, and without signiﬁcant industries. Therefore the local
anthropogenicaerosol sourcesarebasically dueto vehiclere-
lated emissions and domestic heating by wood combustion.
Agricultural and construction related works may also con-
tribute to the particle load. Agricultural combustion doesn’t
play a role in this area. Major deviations from the typical
background values were observed to be mainly related to
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(sergiopereira@uevora.pt)
desert dust from the Sahara region and forest ﬁre or anthro-
pogenic pollution aerosols transported to the site (Elias et al.,
2006; Pereira et al., 2008).
This paper describes the magnitude and variability of
aerosol climate relevant properties, at the surface, namely
light scattering and absorption coeﬃcients by in situ mea-
surements of these quantities made between 2006 and 2008.
2 Measurements and methodology
The measurements cover the period from January 2006 to
December 2008. An integrated Nephelometer (TSI Model
3563) measured the scattering coeﬃcient, σscatt(λ), at the
wavelengths of 450, 550 and 700nm, with 5min resolu-
tion (in units of Mm−1=10−6 m); the measurements were cor-
rected for the truncation of near-forward scattered light and
the non-Lambertian illumination intensity of the instrument
according to (Anderson and Ogren, 1998). The instrument
was calibrated three times, once per year, using dry ﬁltered
airandCO2. AMulti-AngleAbsorptionPhotometer(MAAP,
Model 5012) measured the absorption coeﬃcient at the sin-
gle wavelength of 670nm, σabs(670), with 1min resolution;
the instrument operated for two weeks, in June 2006, dur-
ing the CAPEX campaign (Silva et al., 2007), and then on
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Figure 1. Temporal evolution of (a) σscatt(550), (b) σabs(670) and (c) α for the period of 2006 
to 2008. Monthly averages (± one standard deviation) are also shown as full squares, located 
in the middle of the respective month.  
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Figure 1. Temporal evolution of (a) σscatt(550), (b) σabs(670) and (c) α for the period of 2006 to 2008. Monthly averages (± one standard
deviation) are also shown as full squares, located in the middle of the respective month.
0 50 100 150 200
0.0
0.1
0.2
0.3
0.4
a
R
e
l
a
t
i
v
e
 
f
r
e
q
u
e
n
c
y
σ
scat(550) (Mm
-1)
winter
summer
all data
5 1 01 52 02 53 0
all data
b
σ
abs(670) (Mm
-1)
winter
summer
0.5 1.0 1.5 2.0 2.5
c
α
all data
winter
summer
 
Figure 2. Relative frequency distribution of (a) σscatt(550), (b) σabs(670) and (c) α for winter 
and summer periods as well as for the whole dataset.  
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Figure 2. Relative frequency distribution of (a) σscatt(550), (b) σabs(670) and (c) α for winter and summer periods as well as for the whole
dataset.
a regular basis since April 2007. Both instruments were
provided with PM10 size cut inlets, sampling at about 10m
above ground.
The scattering Ångstr¨ om exponent, α, was derived from
the scattering coeﬃcients in the 450–700nm wavelength
range. It characterizes the wavelength dependence of
σscatt(λ) assuming a power law relationship, and indicates the
relative importance of ﬁne and coarse particles.
The black carbon mass concentration, BC, was also de-
rived, for convenience of the reader’s to compare it with BC
measuredinothersites; itisproportionaltotheσabs(670)(we
used for the mass absorption eﬃciency a value of 6.6m2 g−1,
as indicated by the manufacturer).
Daily averaged values (from 00:00 to 24:00UTC) were
calculated and are used here to describe the magnitude and
variability of the quantities pointed out in the previous sec-
tion. The daily values were used for calculating monthly
and seasonal averages: summer (JJA), spring (MAM) win-
ter (DJF) and fall (SON).
3 Results and discussion
Figure 1 shows the temporal evolution of σscatt(550),
σabs(670) and α, and Fig. 2 shows the respective relative fre-
quency distributions for the period from 2006 to 2008. In
particular, taking into consideration the frequency distribu-
tions in Fig. 2b, the background conditions of σabs(670) for
summer and winter are clearly diﬀerent, with the distribu-
tions being considerably detached from each other; the most
frequently observed daily values of σabs(670) increased no-
ticeably during winter, to values close or above 10Mm−1,
while in summer they rarely over passed 8Mm−1. Similar
datacollectedduringCAPEX,inJune2006, althoughlimited
in time, is comparable and adds conﬁdence to this scheme.
The average values of σabs(670) for summer and spring were
relatively constant, about 6–7Mm−1 (with monthly values in
the range of 4.4 to 7.2Mm−1), and increased to 10.0 and
13.4Mm−1 in fall and winter respectively. The diﬀerences
are statistically signiﬁcant at 0.05 level. This is consis-
tent with the idea of a stable anthropogenic activity (mostly
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traﬃc) along the year, complemented in the colder period
by wood burning aerosols. Considering the whole period of
measurements, the average value of σabs(670) was found to
be 8.6Mm−1 (with daily values ranging from 2 to 30Mm−1)
with the median value of σabs(670) being somewhat lower
(7.6Mm−1) as expected by its right skewed distribution. The
main source of absorbing particles inﬂuencing the site is
the local traﬃc, which is continuous and relatively constant
along the year, besides the episodic transportation of for-
est ﬁres aerosols and urban/industrial aerosols from Iberian
Peninsula and central Europe (Ansmann et al., 2002; Silve
et al., 2002); domestic heating, mostly by wood burning, is
the main additional anthropogenic source during the autumn
and winter colder periods. These facts, plus the decrease in
the boundary layer mixing heights, that inhibit the dispersion
of pollutants, are likely the reasons for the enhancement on
σabs(670), both in magnitude and variability, observed dur-
ing fall and winter when compared to spring and summer
(warmer periods).
A more complex behaviour was observed for the aerosol
scattering coeﬃcients; higher variability was observed along
the year, although with a tendency for lower scattering co-
eﬃcients in spring and higher scattering coeﬃcients in win-
ter. In summer, the long range transport of Saharan dust and
smoke from forest ﬁres (the latter typically in the period of
June to September) are customarily responsible for impor-
tant increases in the aerosol load and therefore in the scat-
tering coeﬃcients (Elias et al., 2006). This was observed in
2006 (Pereira et al., 2008), but not in 2007 and 2008; forest
ﬁres were nearly absent until September 2007 and in 2008
there was no ﬁre season at all; although the frequency of
occurrence of desert dust events was similar for all 3 years
the intensity of these events was lower in 2008. Addition-
ally in 2008 the rainy season lasted longer and the summer
was unusually wet. Therefore reduced erosion in the re-
gion of ´ Evora due to a wet surface and particles wash out
during rain events also contributed to the low particle con-
centrations observed in summer 2008 by the nephelometer
at the surface. This explains the systematically lower val-
ues of σscatt(550), and with less variability, during 2008 (an-
nual average of 30Mm−1), when compared with the previous
years (annual averages of 45 and 46Mm−1). The average
value of σscatt(550) for the whole period of measurements
was found to be 40.3Mm−1 (with daily values ranging from
9 to 190Mm−1) with median value of 33Mm−1.
The values of α were generally high for the whole period
under analysis (α>1 on 85% of the cases) with average and
median values close to 1.5, indicating that small particles
(smaller than about 1µm) generally dominated the aerosol
population, but this relative abundance of small particles is
even more evident during winter (average and median of 1.7
and 1.8 respectively ).
We now compare our results with the ones reported by
other authors, focusing in Europe. Putaud et al., 2003 re-
viewed BC measurements made over various types of loca-
tions; in natural background and rural sites the average val-
ues were in the range of 0.2 to 0.5µgm−3 (with one excep-
tion) and presented no seasonal variations. In near city and
urban background locations the increase in BC was evident
(in the range of 1.4 to 2.9µgm−3) and a seasonal variation
was observed, with higher values in fall and winter than in
springandsummer. InkerbsidesBCvalueswereevenhigher.
Lyamani and Alados-Arboledas (2007) measured σabs(670),
in an urban area, and obtained average values of 16 and
28Mm−1 (about 2.4 and 4.2µgm−3 in terms of BC) for sum-
mer and winter periods, respectively. In this study average
value of σabs(670) was found to be 8.6Mm−1 (1.3µgm−3
of BC) with summer and winter average values of 5.8 and
13.4Mm−1 respectively (0.9 and 2.0µgm−3 of BC). Hence
theseasonalvariationofBCthatcharacterizesurbanenviron-
ments is also present in ´ Evora, however with the average val-
ues of lower magnitude. The average value of σscatt(550nm),
40.3Mm−1, found for the entire measurement period avail-
able is comparable to the ones obtained by Vrekoussis et
al. (2005) in remote areas in Greece and Turkey (50Mm−1
and 45Mm−1, respectively). Gerasopoulos et al. (2003) re-
ported a mean scattering coeﬃcient of 65Mm−1 in northern
Greece mainly related with continental pollution and Derim-
ian et al. (2006) reported a long term average of 60Mm−1 at
Sede Boker site, Israel. The average values of σscatt(550nm)
obtained by Lyamani and Alados-Arboledas (2007), 52 and
83Mm−1 forsummerandwinterperiods, are, oncemore, sig-
niﬁcantly higher than our measurements (36 and 54Mm−1).
4 Conclusions
Scattering and absorption coeﬃcients were measured near
the ground, in ´ Evora, Portugal, during the period of 2006
to 2008. Both quantities were found to be, in general, of low
magnitude and relatively closer to sites of rural and back-
ground characteristics than to large urban sites, reﬂecting the
small size of the city where the measurements were made, in
terms of population and anthropogenic aerosol production.
However, the absorption coeﬃcient presented an annual cy-
cletypicalforurbansites; thiscycleischaracterizedbyanin-
crease of the absorption coeﬃcient during the colder period,
likely related to the increase of soot from wood combustion
for domestic heating, absent during the warmer period, as
well as traﬃc, in a context of lower boundary layer mixing
heights that tend to reduce the dispersion of pollutants. The
scattering coeﬃcient’s cycle was less clear because its varia-
tions can be related to a wider variety of aerosol types and to
those aerosols that are transported to the site from diﬀerent
regions.
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